A 3-yr study was conducted in North Sumatra, Indonesia, as part of an evaluation of the feasibility of integrating sheep and rubber production. The objective was to evaluate the effects of increasing energy supplementation on reproduction and other performance criteria of Javanese Thin-Tail sheep grazing volunteer forages under 8-and 14-yrdd rubber trees. The control group was unsupplemented The medium group was supplemented with high-energy feeds at 1% of the flock body weight, with the low and high groups receiving 60% or 140% of the daily energy provided by the medium group diet. Supplements provided 1.2 g protein per kilogram BW. Them were 158 lambs born to the 152 ewes in the 1st year of the study. Preweaning mortality rates of lambs were reduced (P < .01) with supplementation (45 vs 12,3 and 12% for the control, low, medium and high groups, respectively). During the 3 yr, litter size was higher (P c .01) in the high group (1.33, 1.31 and 1.34 vs 1.71 for ewes on the four respective diets). Observed repeatability of litter size of individual ewes in all treatment groups for the fist three parities was higher (P < .01) than would be expected if litter size were a random event. Of the lambs born in the 1st yr, kilograms of lamb weaned per ewe joined were 3.1, 7.8,7.3 and 9.8. At prevailing prices, only the high supplement level was profitable compared to the control. For the high group, the added return from the sale of lambs born the 1st yr was 120% of the added cost of supplementing the ewes until all the lambs were weaned (15 mo). Response of sheep to the high level of energy supplementation, especially with regard to litter size, indicates that supplementing sheep grazing in rubber plantations at a high level can be profitable. 
In Indonesia, income from sheep is derived primarily from the sale of lambs for meat.
Therefore, the focus of flock improvement is on number of lambs produced. Average productivity of village sheep is one lamb per breeding female per year (Soedjana and Knipscheer, 1982) . Increasing productivity to two lambs per female per year is considered to be a reasonable goal. Increasing fitter size weaned involves both prepartum (ovulation rate and embryo survival) and postpartum (survivability) factors. Preweaning rate of gain has an influence on profitability, but local markets are relatively insensitive to carcass weight. In Indonesia, which straddles the equator, sheep are nonseasonal breeders ( I Gede and Fletcher, 1983) . Therefore, flock productivity can be improved by reducing both lambing interval and time to puberty.
In rubber plantations, available energy is the feed component most likely to be limiting for grazing sheep @ahan et al., 1978) . The present experiment was carried out in 1985 to 1988 at Sungai Putih, North Sumatra, to determine the effects of level of energy supplementation on ewe fertility, litter size, lamb survival and rate of gain, and lambing frequency, for ewes grazing natural understory vegetation in rubber tree plantations. Locally available feedstuffs were used to formulate supplemental diets, and profitability was evaluated.
Materials and Methods
Sungai h t i h is 60 km south of Medan, the capital of North Sumatra province. The elevation is less than 50 m, and it is at latitude 4" and longitude 9YE. Maximum and minimum temperatures are uniform throughout the year; monthly averages at the barns during the present study ranged from 29 to 33'C and 19 to 26'C, respectively. Mean annual rainfall at Sungai Putih (1978 to 1982) was 1,850 mm; rain ordinarily is d o r m l y distributed throughout the year.
This study was initiated in February 1985 and concluded in February 1988. Two hundred eight lambs of the Sumatran strain of the Javanese Thin-Tail (JTT) breed, weighing 5 to 10 kg, were purchased from local farmers. None of the lambs had permanent incisors when purchased; their average age was estimated to be 4 mo.
The Sumatran strain of the J'lT breed has not been described previously. They have a narrow, relatively short tail. Coat color usually is a combination of white and tan. Black eye circles common in Java are not seen in Sumatra; badger face markings occur occasion6parbendazole ( m e t h y l -5 -b u t y l -2 -b o l e carbamate), TAD pharmazeutisches werk GmgH, West Germany. 71n addition to Parbendazole, Rind (febantel), Bayer, Indonesia and Systamex (oxfendazole), Wellcome, Indonesia were used.
ally. Like the G a t strain of J l T , Sumatran males are homed and females usually are polled. Malaysian sheep are polled. The earless gene found in both Javanese and Malaysian sheep occurred in the project sheep; 12% were earless and 23% had half-length ears. Wattles were present on 25% of the sheep. Wool generally covered the belly but not the legs.
All lambs were dosed with anthelmintic6 before entering the experiment and every 3 mo thereafter. Brand of anthelmintic7 was changed after three dosings.
Two barns were built in each of two plantations. One plantation was planted in 1972 with rubber clone AVROS 2037, the other was planted in 1978 with GT 1. Both plantations were in production during the experiment. The four barns were built to maintain four separate flocks of 40 ewes and 4 rams. Each barn was divided into four pens, one for each treatment group. Three of the pens had 11 individual feed stalls. Barns were built to incorporate the advantages of local barn architecture. Slotted floors were raised 115 cm from the ground to allow easy removal of manure and reduce humidity within the barns. Rafters were open, air movement was good, and barn interiors were cool. Each barn was associated with two fenced pastures of 3 ha each. Grazing followed a 3-wk rotation the first 6 mo and a 1-mo rotation thereafter. An excess of forage was available at all times.
Dietary supplements were formulated using locally available byproduct feeds. The objective in formulating the three supplement diets was to incrementally increase level of metabolizable energy while maintaining a constant level of protein in grams per kilogram body weight. Each flock grazed together in the rubber plantation pastures from 0900 to 1630 daily, with forage available in excess of grazing requirements. Water and bone meal were available ad libitum. Sheep were housed in the barns at night. The control group received no supplement. The other groups were given supplements individually at 0530. Supplement refusals were uncommon.
Supplement levels were based on the average weight of all supplemented sheep, rather than individual treatment groups, in order to prevent a runaway effect. The medium group of sheep received supplement at 1% of average body weight. The low and high supplement groups received supplements providing 60% and 140% of the daily energy intake of the medium p u p . Energy levels of feeds were estimated from Devendra (1979) . The final diets fed (Table 1) based on an average weight of 23 kg of all supplemented ewes, provided 354, 591 and 826 kcal of supplemental ME per day to the low, medium and high groups, respectively. Rice bran was used as the supplement base because this is the ingredient most commonly used locally. The low group received mainly rice bran with Ca added to correct the poor Ca to P ratio. Supplements provided 1.2 g protein per kilogram body weight. This resulted in CP levels of 18, 13 and 11% in the low, medium and high energy supplements, respectively. Urea was added to provide ruminal fermentable nitrogen at approximately .005 g per kilocalorie of ruminally available ME (ARC, 1980) . Addition of fish meal ensured that all supplemental diets contained some rumen escape protein. Sulfur was added when urea was used in approximately a 1:lO S to N ratio.
Excess S was maintained in the supplemental diets to ensure adequate methionine for the detoxification of any cyanogenic compounds in the cassava meal (Maner and Gomez, 1973) .
The medium and high energy supplements had molasses and cassava meal added to the rice bran. The medium group received one-half the amount of molasses and cassava fed to the high group. Molasses was limited to 15% of total estimated daily intake, and cassava was limited to 20% to avoid potential problems of cyanide toxicity. Supplements were recalculated and increased each time the average weight of all supplemented sheep increased by 2 kg.
Pasture sampling was done on the grazed and ungrazed fenced pastures associated with each of the four barns, as well as on control areas within the plantations but outside the . fenced plots that were never grazed. Fifteen 1-m2 quadrats at approximately the same place in each of the sample areas were evaluated each time. Sampling was done every 3 wk in the middle of the grazing period for 6 mo from February to July 1985. During a second 6-mo period, from November 1985 to April 1986, sampling was done monthly, at the time sheep were moved from one fenced pasture to another.
Pasture yield was determined using the comparative yield method of Haydock and Shaw (1975) . Visual appraisal of leaf area index @AI) was used as the yield standard. The LAI is the ratio of total leaf area of the plants within a quadrat to the area of soil within the quadrat. Two or three quadrats representing the range of production were cut from each sample area each sampling day.
Botanical composition was evaluated using the dry-weight-rank method of ' t Mannetje and Haydock (1963) . The three species accounting for the most dry matter in a quadrat were assigned an arbitrary coefficient dependent on rank, .7, .2 or .l. Dry matter production of individual species was estimated by mdtiplying the composition rank coefficient by the yield estimate of the respective quadrat, summing the quadrats in a sampling area, and adjusting to a hectare basis (Jones and Hargreaves, 1979) . Disappearance of species between the beginning and end of the grazing period was assumed to be due to consumption. No adjustments for forage growth rate during the month or for tramping were made.
Metabolizable energy, crude protein and fiber component percentages of supplements and of the most frequently grazed forage species in the experimental pastures are given in Table 2 . Forage and feed samples were dried in a forced-air oven at 65'C for 2 d. Samples were ground in a Wiley mill to pass through a l-mm screen. Feeds were analyzed for fiber components (Goering and van Soest, 1970) and nitrogen was determined on a Kjeltec Auto 1030 M y & . Because of difficulties with filtration during the permanganate lignin procedure, rice bran and cassava meal were treated with alpha-amylase (Smith, 1%9) before the ADF procedure. We assumed that the weak acid was not breaking all of the starch bonds and the method of Robertson and Van Soest (1977) for the use of alpha-amylase with NDF to aid in filtration would be appropriate (David Hudnall, personal communication) . Values for ME are from Devendra (1979) .
Profitability of supplementing the three groups was evaluated by using prevailing market prices of lambs and supplement components to calculate internal rates of rem. Income from sale of 1st-yr lambs in excess of that produced by the control group was calculated as a percentage of the cost of 15 mo of supplement for all ewes in a treatment group.
The original ewe lambs were stratified by weight, 16 per block, and assigned randomly to one of the four treatment groups in one of the four barns. The flock at each barn had either 9 or 10 ewes per treatment group. At the conclusion of the 1st yr, treatment groups were reduced to five ewes in each of the four flocks.
The ewes retained were those that lambed earliest in each group. These ewes continued on the study for another 2 yr.
All ewes were continuously exposed to rams. Ewes with newborn lambs were placed %cator COP., Hoganas, sweden.
in a nursery pen for 2 wk. Green forage cut from the rubber tree plantation was available continuously in the nursery pen. Ewes were retumed to their respective pens for the 0530 supplement feeding. Both nursing and weaned lambs were separated from the ewes at 0530 and offered a 60:40 com-coconut meal supplement ad libitum. Lambs were weaned at 90 d.
All of the sheep were weighed with balance scales every 14 d. The first 6 mo (February to July 1985) were considered to be the growth period. Individual ewe weights are not included in the growth data after 100 d of pregnancy.
Regression equations were developed to estimate feed intake from gain. The effect of pasture intake (weight gain of nonsupplemented sheep) was subtracted from the effect of supplement intake (weight gain of supplemented groups of sheep). The resultant linear, incremental weight gain response to the incremental energy supplements provided the basis of the regression analysis. Weight gain responses were due to supplemental energy consumed minus the energy in the forage for which substitution occurred. The ME for gain was dependent on weight as well as gain:
, where G = increase in live weight gain in grams of the supplemented group over the unsuppIemented group and W = the mean live weight in kilograms during the period the supplement was fed. Energy requirements for maintenance were estimated from the literature according to Theriez et al. (1982) : ME, = 100
x W75. The ME requirements were calculated as the sum of maintenance and ain requirex W); (9 = .99). From this total, the contribution of the supplement was subtracted ments: ME(kcaVd) = (100 x W.7 P ) + (.89 x G in order to obtain an estimate of the pasture energy contribution. These values were divided by the estimated pasture energy density to obtain an estimate of pasture intake. The pasture and supplement intakes were used in conjunction with their estimated energy densities to calculate mean energy densities of the total diet. These values were used with the total energy intakes to calculate total DM intakes.
In November 1985 and again in March 1986, two groups of four J' IT wethers were put in individual metabolism crates next to one of the barns in each of the plantations. Forages cut from plantations outside of the fenced pastures were fed to ensure a minimum of 20% refusals. A latin square design was followed for the trials; wethers at each location were fed each of the four diets in rotation. Seven days of adjustment to the diet were followed by 5 d of intake and fecal measurements. Forage offered was composited for the 5 d of collection. Refusals for each wether were cornposited as a proportion of feeid offered. Fecal samples, collected one day later than the feed samples, were composited for individual wethers as a proportion of total feces for the collection period.
The experiment was designed as a randomized complete block with barns as blocks. Treatments were supplement level, and supplements were fed individually. Analysis of variance tests were done with the Multivariate General Linear Hypothesis module of the Systat package (Systat, 1985) . Ewe weight at conception, ewe and lamb weight on the day of birth, and ewe and litter weight change 2 wk postpartum were tested by analysis of variance with lamb litter size, treatment, and barn as main effects. Because there were no strong environmental effects among pens within a barn, the barn x treatment mean square was not significantly larger than the animal within barn-treatment error term, so these two errors were p l e d for testing all main effects and interactions. Further justification for doing this is related to administration of treatments to each animal separately within a barn. Lamb average daily gain and weaning weight were tested as above, except that litter size reared was used in preference to litter size born.
Chi-square contingency tables were used to determine the effects of treatment and parity on frequency of multiple births. Because the effect of treatment on litter size was significant, no covariance adjustment for litter size was made on means of lamb weight or weight gain. Chi-squares also were used to test the effects of treatment and litter size on mortality rate and number of lambs weaned. Chi-square median tests (Conover, 1980) were used for time to first conception and postpartum intervals. For all analysis of variance and chisquare tests, treatment effects were partitioned into single degree of freedom contrasts using orthogonal comparisons (Conover, 1980) . Litter size repeatabilities were determined for the first three parities. Multiple birth litters were grouped together because there were only five triplet litters and one quadruplet litter. A regression model, developed from the observed fraction of multiple lamb litters (M) by parity (p) and treatment (T), was used to calculate the expected probability of multiple birth litters EM(p,T)]. Ewes with at least three parities were included so the probability of lambing at each of the first three parities was 1; therefore, the expected Probability of a
With two possible states over three parities, there are eight possible outcomes for each treatment group, each with a distinct expected combined probability. For example, the expected probability of a ewe from treatment group 1 having a multiple lamb litter on the first and third parities and a single lamb on the second parity would be EM(1,1)] x E[S(2,1)] x EM(3,1)], which, for brevity, is denoted MSM. The expected number of ewes in each sub-group was computed by multiplying the expected combined probability by the number of ewes in the group. The resultant discreet distributions, one for each treatment group, were compared using the chi-square goodness of fit test (Conover, 1980) . Because no significant difference was found within the none, low and medium treatment groups, these were combined by summation. Expected distributions of counts were tested against observed distributions using the chi-squared goodness of fit test.
A nonsignificant difference between observed and expected counts would indicate that the differences in observed counts could be explained by treatment and parity alone rather than by a genetic propensity for a ewe to have repeated single or multiple lamb litters. A significant difference would strengthen the expectation that ewes could be selected for litter size.
Results and Discussion
Growth Rate. The average weight of the ewes at project initiation was 9.3 f 1.7 kg (mean f SD). Average Dry matter digestibilities of the diets were 73, 75, 77 and 78%, respectively, and were similar in November and March studies and in both plantations. In Java, Indonesia, a series of digestibility and associated feed trials (Prabowo et al., 1984; Sunarso et al., 1984; Pulungan et al., 1985; Siregar et al., 1985) were conducted with sheep fed native grasses (mainly Axonopus compressus, Paspalurn conjugatum, Cynodon dactylon and Eleusine indica). Across experiments, digestibility averaged 63 f 3.9% and intake averaged 35 f 8.3& kg BW. Weight gains from associated feeding trials were highly variable, 29 f 27.4 g/d. The higher digestibility of the forages in the rubber plantation may be due to the beneficial effect of plantation shading on forage quality (Ani et , 1985) or to the presence of broadleaves in the pasture mixture. During the digestibility trials, forages were fed to refusal levels between 20 and 50% allowing a high level of selectivity , Pasture Production. One yield unit was consistently equal to about 50 g of forage dry matter in a 1-m2 quadrat. During the first 6 mo following the introduction of sheep into the pastures, dry matter forage production declined from 1.1 t/ha to .6 t/ha. Wan Mohamed (1977) found that forage dry matter yields at the Rubber Research Institute of Malaysia ranged from .3 to 1.6 t/ha with stocking rates of 7 to 10 sheepha. Thomas (1978) found that forage growth in 5-to 20-yr old coconut plantations was sigmficantly limited by low light intensity. After the first 6 mo, sheep were grazed outside of the fenced pastures, but in the same plantation, for 1 or 2 h each day. Forage dry matter production outside the fenced areas averaged 807 kglha, whereas inside the fenced areas production averaged 324 k m a after 1 mo without grazing. Because these trials were conducted in a region with little variation in monthly temperatures and rainfall, there was no seasonal effect on forage production or species composition.
Species composition outside the fences was 34% Pueraria javanica, 20% Mikania micrantha, 18% Paspalwn conjugaturn, 13% Crytoccocum oxyphilum, 2% Ageratum conyzoides, 1% Dryopten's aridus, and 12% other species. Inside the fenced areas ungrazed for 1 mo, species composition was 33% M . micrantha, 15% A. conyzoides, 18% D . aridus, 10% C . oxyphilum, 3% P . javanica, 1% P. conjugatum and 20% others. Average monthly consumption within the fenced areas was 46 k o a , of which 24% was M. micrantha, 20% was C . oxyphilurn and 12% was A. conyzoides.
Species composition was similar inside and outside the fenced pastures at the beginning of the experiment. Disappearance of P. javanica and P. conjugatum from the fenced areas was attributed to consumption by the sheep. Sheep preferentially consumed these two species when grazing outside the fenced areas. The fern D. aridus was not eaten. This is in keeping with the results of Vanselow (1982) working in a commercial rubber plantation in Malaysia. She found that among the major volunteer species found in that plantation, only the ferns (Lygodium and Dryopteris spp.) were not grazed.
Litter Size. During the 1st yr, 158 lambs were born to 115 of the 152 experimental ewes. Four ewes lambed twice within this period, three in the high and one in the unsupplemented group. The only triplet litter was born to a high supplement ewe that previously had twins. In the 1st y-r, there was a difference (P c .05) in litter size between the high supplement ewes and the average of the other groups, 1.49 vs 1.26 (Table 3) . Javanese sheep, producing three lambs per ewe joined per year under experiment station conditions, are documented to be among the most prolific breeds in the world (Mason, 1980; Obst et al., 1980) . Birth Weight. Single lambs were heavier (P < .01) than twin or triplet lambs. Treatment effect on birth weight was significant (P < .Ol), as was the treatment x litter size interaction (P < .05; Table 3 ). Single and twin lambs born to unsupplemented ewes, and twin lambs born to low supplemented ewes, were lighter than lambs born to the other groups.
For unsupplemented ewes, twins weighed 73% of the average weight of singles, whereas twins born to high supplement ewes were 82% of the weight of singles. There was a slight difference between birth weights of male and female lambs, 1.5 vs 1.4 kg (P < .lo; data not shown).
The decrease in individual lamb birth weight with increasing litter sue is well documented (Fitzhugh and Bradford, 1983; Inounu et al., 1984) . Tiesnamurti et al. (1985) evaluated male and female birth weights of station-bred Javanese Thin-Tail and Javanese Fat-Tail lambs. In a slightly larger population than that of the present study, they found small but significant birth weight differences between males and females, 1.8 vs 1.7 kg (n = 220). The effect of litter size on birth weight and the possible interactive effect of nutrition is discussed by Inounu et aL (1984) . Data were recorded on two flocks of Javanese Thin-Tail sheep, one at the station and the other in a village in G a t . Both flocks averaged two lambs per litter. Single litter lambs averaged 2.7 kg; there was no difference between single lamb birth weights in the two flocks. However, regressing litter weight on litter size (records included litters as large as five) resulted in slopes that were different from zero. Individual lamb weight of a village triplet was 70% of the single lamb weight, whereas weight of a station-born triplet was less than 60% of the single lamb weight; therefore, litter weight of triplets born in the village was about 1 kg more than that of triplets born at the station. hounu et al. (1984) hypothesized that village feeding more adequately met requirements of ewes pregnant with multiple fetuses. This hypothesis is supported by our data, which show a decrease in difference between single and twin lamb birth weights with an increase in energy supplementation of the ewe.
Mortality Rate. Lamb mortality rate was higher (P < .01) with the unsupplemented diet (45%) than with the average of the three supplemented diets (9%; Table 4 ). More twins died than singles, 27% vs 7% (P < .Ol), but there was no difference among groups in the ratio of twins to singles that died. However, the mortality rate among twins born to unsupplemented ewes was 79%. Only one litter born to unsupplemented ewes was reared to weaning as twins; a third twin lamb was reared as a single. The remaining 11 twin lambs born to unsupplemented ewes died before weaning; five sets of the twins died within 1 wk of birth.
Mortality rate was closely related to lamb birth weight. Of lambs weighmg less than 1.0 kg at birth, 82% died within 1 wk. Of lambs weighing between 1.0 and 1.4 kg at birth, 15% died within 1 wk. All lambs weighing more than 1.4 kg survived the 1st wk Of the 18 lambs that died within the 1st wk, 16 were twin lambs and one was a triplet lamb. The single lamb that died was orphaned and 
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%%kquue test of indcpendencc of ratio of lambs that lived to lambs that died and supplement level (P < .01). Contrast of effect of supplement level on total lambs that died, None vs (Low, Medium, High) (P < .01).
starved. Gonzalez-Stagnaro (1983) used birth weight categories similar to those described above to compare birth losses of Red African sheep in Venezuela. With an average birth weight of 2.2 kg, 1st-wk mortality was 68% in lambs less than 1.0 kg, 30% in lambs between 1.0 and 1.5 kg, 5% in lambs from 1.5 to 2.0 kg and 4% in lambs from 2.0 to 2.5 kg.
In the present study, lamb swival also was related to ewe weight on the day of lambing. If ewes weighed more than 17 kg, lamb mortality was 3%; if ewes weighed less than 17 kg, lamb mortality was 31% (P e .01). The weight of the primiparous ewes was correlated to newborn weight of single lamb litters (r = .48; n = 97). and to weight of twin litters (r = .60, n = 38).
Average Daily Gain. Preweaning average daily gains were lower (P < .OS) for lambs born to unsupplemented ewes (56 gld) than for lambs born to supplemented ewes (75 g/d; Table 5 ). Lambs reared as singles grew faster than lambs reared as twins (P < .01). There was no treatment x litter size interaction. Male lambs grew at a faster rate than female lambs, 77 vs 68 g/d (P < .05; data not shown). Dove et al. (1984) found that supplementing Border Leicester x Merino ewes grazing improved pasture in southern Australia with 500 d d of oat grain or sunflower meal increased 6-wk weight gain of single lambs by 20% whether ewes were supplemented before or after parturition, or both. In the case of twin lambs, supplementing ewes either before or after parturition increased lamb average daily gain by 35%, but supplementing the ewe both before and after parturition increased twin lamb average daily gain by 55%, indicating that the effect of supplementation was additive.
There was a difference (P e .OS) in ewe weight on the day of parturition between unsupplemented and supplemented ewes, 16.2 vs 20.0 kg (Table 6 ). In the 2 wk following parturition, unsupplemented ewes lost less weight than supplemented ewes both in absolute amounts, .6 vs 1.2 kg, and as a percentage of body weight, 4 vs 6%. Unsupplemented ewes were thin; thus, fat reserves were not available to mobilize body energy for milk production. Litters from unsupplemented ewes gained an average of 1.1 kg during the 2-wk period, whereas litters from supplemented ewes gained an average of 1.5 kg (P < .01).
Weaning Weighr. The weaning weight of lambs barn to unsupplemented ewes was lower (P < .05) than the weaning weight of lambs born to supplemented ewes, 6.4 vs 8.4 kg ( Table 7) in spite of all lambs having equal access to supplemental feed every morning.
There was no treatment x litter size interaction. Twin weaning weights were 61, 58, 63 and 77%, respectively, of single weights for the same gmup. Male lambs were heavier at weaning than females were, 8.5 vs 7.6 kg (P < .05; data not shown).
Unsupplemented ewes weaned half as many lambs as supplemented ewes, 18 vs 36,31 and 46 lambs, respectively. This was due both to increased twinning and to increased survival rates. The large number of lambs born to the high supplement group also was due to three ewes lambing twice. None of the low and medium supplement ewes, and only one of the unsupplemented ewes, had two litters in the In comparing the total weight of lambs weaned per ewe joined, the overall advantage of the high supplement group was evident. Total weight of lambs weaned by the unsupplemented group was 119 kg. The low and medium supplement groups weaned an additional 160 kg, more than twice as much lamb as the unsupplemented group. The high supplement group weaned 250 kg more lamb than the unsupplemented group, more than three times as much as the unsupplemented group.
During the 1st yr of the experiment, 158 lambs were born. KiIograms of lamb weaned 1st yr. per ewe joined were 3.1, 7.8, 7.3 and 9.8 for the respective treatment groups in the first 15 mo (Figure 1) . In analyzing the relative contribution of various factors, it can be seen that supplementation increased birth weights and lamb survival rates. In spite of supplemen- . , . unsupplemented group because the increase in number of lambs weaned was insufficient to offset the cost of feed. Only the high supplement group showed an obvious advantage over the unsupplemented group, producing an internal rate of return on investment of 20%. Assuming a constant costlprice ratio, profits would increase in the long term because costs of the growth period would be amortized over the lifetime of the ewes.
These results am similar to those of Daud and Khusahry (1983) in Malaysia. They found that supplementing sheep grazing in rubber plantations with rice bran at 1% of BW did not produce a sufficient increase in growth rate to offset the supplement cost. In contrast, supple menting at 1% of BW with coconut meal, which was 40% more expensive than rice bran but provided more energy and protein, produced higher growth rates and resulted in an internal rate of return of 70%.
First Conception and Postpartum Interval.
Although weight at first conception was not different among treatment groups (14.5 kg; P > .05), increasing dietary energy of ewes shortened the time from the beginning of the trial until first lambing. Average (median) times from the beginning of the trial to conception were 187, 146, 123 and 100 d, respectively (n = 152). Obst et al. (1980) There was a difference (P e .OS) between unsupplemented and supplemented ewes. As with the first postpartum interval, 75% of the unsupplemented ewes lambed after longer intervals than the median value. Postparnun intervals of groups of supplemented ewes were similar, averaging 190 d, indicating that conception occurred within 6 wk of lambing while ewes were still lactating.
Litter Size and Repeatability. Regression analysis indicated the proportion of multiple litters born to a treatment group was affected by parity and treatment: EW@,T)] = .10 +.06p +.364T; (# = .861), where M is the proportion of multiple litters, and P is the parity number. T is 1 for the high supplement treatment group, and .16 times the ADG during growth of the treatment ewes divided by the ADG of the unsupplemented group for the three other groups. In other words, the energy level of the diet had little effect on rate of twinning until a threshold was reached. Because only the high supplement group exceeded this threshold, the effect of funher increases in supplement level could not be assessed Weight gain during growth was 31.46, 54 and 61 g/d, respectiveAverage litter size for three or four parities was smaller (P < .01) for ewes in the control, low and medium supplement groups than for ewes in the high supplement groups (1.33, 1.31, 1.34 vs 1.71). Litter size tended (P < .lo) to increase with each parity. Of the ewes that produced the five triplet litters and the one quadruplet litter, all except one had previously produced at least one set of twins. Increasing litter size in the first two or three parities of sheep is well documented (Fitzhugh and Bradford, 1983; Sabrani et al., 1982) . The magnitude of the increase in litter size was dependent on supplement level. After three parities, unsupplemented and low supplemented ewes had litter size increases of 10 and 9%, respectively, whereas medium and high supplement groups of ewes had increases of 24 and 28%, respectively.
Bradford et al. (1984) determined that ovulation rate is highly heritable and highly repeatable in Javanese sheep. Bradford et al. (1986) postulated that the ovulation rate of Javanese sheep is controlled by a single gene mechanism similar to that of the Booroola Merino. Estimated and observed frequencies of sequences of single and multiple litters are compared for the three lowest supplement groups, which averaged 70% single litters and 30% multiple litters, and for the high supplement group, which averaged 42% single litters and 58% multiple litters (Figure 2 ). Observed disaibution of litter size sequmces were different from the expected distribution (E' < .01). If litter size were independent across parity, the probability of high supplement ewes having three successive multiple lamb litters 
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b M S S . would be 20%; the observed probability was 35% (P < .05). Likewise, predicted incidence of three successive single lamb litters from high supplement ewes was 7%, whereas the observed incidence was 25% (P < .01). For the three lower supplement groups, the prediction of three successive multiple lamb litters was 3% compared with an actual value of 7%; the prediction for singles was 34%, whereas the observed value was 51%. As a consequence, ewes can be reliably selected for long-term litter size production following first parturition.
Implications
The level of energy supplementation provided to the high supplement ewes paid substantial dividends in terms of weight and number of lambs produced. The same supplement level that increased litter size resulted in adequate twin lamb birth weights, resulting in minimal losses of newborn lambs and supporting a twin lamb ADG 77% that of the single lamb ADG. Because ewes regularly conceived 6 wk after lambing, the concept of flushing Javanese Thin-Tail ewes is irrelevant. Also, because lactation anestrus was absent, the time of weaning can be adjusted easily to optimize lamb weaning weight and available feed resources. The high repeatability of litter size suggests that ewes may be reliably selected for litter size production following first parturition. 
